Background Fluoropyrimidine and platinum combination is the standard treatment for advanced or recurrent gastric cancer (AGC). However, fluoropyrimidine monotherapy is commonly used for elderly patients with AGC because of its good tolerability. Methods In this multicenter retrospective study, we collected clinical data of AGC patients aged 70 years or older, treated with S-1 alone or S-1 plus cisplatin (SP) as the first-line treatment between January 2009 and December 2011. Propensity score matched cohorts (PSMC) were used for reducing the confounding effects to compare efficacy and safety between the two treatment groups. Cox regression analysis was performed to clarify the prognostic factors. Results PSMC (n = 109 in each group) were selected from among 444 eligible patients (S-1 group, 210; SP group, 234); the S-1 group included more patients deemed unfit for intensive chemotherapy than the SP group (e.g., higher age, poorer PS, poor renal function). In the PSMC, patients' characteristics were comparable between groups, except the male ratio (S-1 group, 64.2%; SP group, 77.1%; p = 0.04). No significant differences were observed in either overall survival [hazard ratio (HR) 0.93, p = 0.63] or progression-free survival (HR 1.09, p = 0.61). Severe adverse events (AEs) and hospitalization due to AEs were more frequent in the SP group than in the S-1 group (p < 0.001 each). Conclusion Our findings do not support the survival benefit of SP over S-1 in elderly patients with AGC. We are now conducting a prospective comparative study to optimize treatment strategy and explore applicability of the geriatric assessment for these patients.
Introduction
Gastric cancer is the fourth most common cancer and the second leading cause of cancer deaths worldwide [1] . Recently, the number of elderly patients with gastric cancer has increased. In 2010, the incidence of gastric cancer in patients aged 70 years or older was estimated to be 75,000 per year, which accounted for 60% of the total number of patients with this cancer in Japan [2] . The mortality rate in elderly Japanese patients in 2013 was estimated to be 35,000 per year, which accounted for approximately 70% of the total deaths among patients with gastric cancer [2] . NCCN guideline for older adult oncology describes approach to decision making in cancer treatment for elderly patients [3] . In this approach, assessment of capability to make decision and patient's treatment goal and value are most important. On the other hand, the standard chemotherapy for young patients might be very toxic for the elderly patients because of organ dysfunction or comorbidity even if they are regarded as tolerable for chemotherapy.
Doublet chemotherapy using fluoropyrimidine and platinum have been worldwide used as first-line regimens for patients with advanced gastric cancer (AGC) [4] . In Japan, doublet chemotherapy with S-1 plus cisplatin (SP) has been recognized as the standard first-line chemotherapy regimen for advanced gastric cancer based on the results of phase III trials [5, 6] . Patients over 75 years of age were excluded from these trials. Although a subgroup analysis of patients aged under 60 years in the SPIRITS trial that compared S-1 with SP showed better overall survival (OS) in the SP group [hazard ratio (HR) 0.75, 95% confidence interval (CI) 0.61-0.92], the other subgroups of patients aged 60-69 years (HR 0.98, 95% CI 0.82-1.17) and 70-74 years (HR 0.95, 95% CI 0.71-1.27) demonstrated similar survival between the S-1 and SP groups [6] . Two small retrospective studies comparing S-1 with SP for the patients with AGC older than 70 years have also been reported without adjusting the effects of confounding factors [7, 8] . While one study showed better efficacy of SP, the other did not, although both studies reported that SP showed more severe toxicities than S-1. These findings suggest that the addition of cisplatin to S-1 may not be beneficial compared with S-1 alone in elderly patients with AGC, especially those aged 70 years or older. To date, large-scale randomized study for elderly patients with AGC has not been conducted, and standard therapy has yet to be established.
In this multicenter retrospective study, to explore the feasible treatment for elderly patients with AGC, we compared efficacy and safety between S-1 and SP regimens using propensity score matched analysis that can reduce the confounding effects of patients' background factors.
Patients and methods

Patients
The subjects of this study were registered and retrospectively reviewed from patients with AGC who received the first-line chemotherapy in the clinical practice setting between January 2009 and December 2011 at the 29 medical centers participating in the West Japan Oncology Group (WJOG). The selection criteria were: (1) aged 70 years or older; (2) histologically proven metastatic or recurrent gastric adenocarcinoma; (3) measurable or assessable lesion according to the Response Evaluation Criteria in Solid Tumor (RECIST) version 1.1 [9] ; (4) Performance Status (PS) score of 0-2; (5) treatment with S-1 monotherapy or SP; and (6) no prior chemotherapy, except adjuvant chemotherapy with S-1 alone completed more than 24 weeks prior to the confirmation of relapse. Patients who received trastuzumab, and those with active multiple primary cancers, brain metastasis, and massive pleural effusion or ascites, requiring intensive treatment, were excluded from the study. The present study was approved by the institutional review board in each institution.
Treatment
All patients received systemic chemotherapies with SP or S-1 as the first-line treatment. Patients in the S-1 group received S-1 (40-60 mg, twice daily, depending on the body surface area of the patient) administered orally on days 1-28, repeated every 6 weeks. Patients in the SP group received the same dose of S-1 administered orally on days 1-21, and 60 mg/m 2 cisplatin on day 8, repeated every 5 weeks. Dose reductions, treatment delays, and modification of treatment schedule (i.e., S-1 administered orally from day 1-14 every 3 weeks) were performed by physician's decision considering adverse events (AEs). The treatments were continued until disease progression, unacceptable toxicity, or patient refusal.
Assessments
Collected data regarding patients' characteristics before the initiation of chemotherapy included age, sex, PS, laboratory tests, diseases status (recurrent or unresectable), prior gastrectomy, metastatic sites, and histological type. For the assessment of the vulnerability of the elderly patients, comorbidities and any relevant medications were surveyed. The administration doses, schedules of S-1 and SP treatments, treatment efficacy, and AEs were reviewed. The tumor response was assessed using computed tomography, gastrointestinal endoscopy, and/or magnetic resonance imaging. Response was evaluated according to the RECIST ver. 1.1 by the physician of each institution. The worst grade for each AE during the entire treatment period was evaluated according to the Common Terminology Criteria of Adverse Events ver. 4.0. The reasons for the termination of each drug and the subsequent therapies were also reviewed.
Statistics
Patients' characteristics were summarized using descriptive statistics or contingency tables. A Chi square test was used to compare the variables between the two groups.
A propensity score method was applied to reduce selection bias for comparisons between the treatment arms, and logistic regression model was used to calculate propensity scores for the patients. Propensity score matching was performed in the ratio 1:1 using a caliper width of 0.1. OS, progression-free survival (PFS), and time to treatment failure (TTF) curves were estimated by the Kaplan-Meier method, and their 95% CIs were estimated using the Brookmeyer and Crowley method. The prognostic factors for OS were assessed using the Cox proportional hazards models with backward elimination method. OS was defined as the period from the date of chemotherapy initiation to the date of death from any cause. PFS was defined as the period from the date of chemotherapy initiation to the date of tumor progression or death from any cause. TTF was defined as the period from the initiation of the therapy to the last day of administration of S-1. P values correspond to two-sided tests, and statistical significance was considered as < 0.05. Factors included in multivariate analysis for adjusting patient background, OS, and PFS are listed in Appendix Table 1 . Statistical analyses were performed using SAS 9.4 software (SAS Institute, Cary, NC, USA) and IBM SPSS Statistics for Windows, version 23 (IBM Corp., Armonk, N.Y., USA).
Results
Patients' characteristics of the original cohort and propensity score matched cohort (PSMC)
A total of 464 patients with AGC were initially registered; among whom 20 were excluded for the following reasons: treatment outside of the pre-specified period (n = 10), ineligible treatment history (n = 3), unknown histology (n = 2), unknown PS (n = 1), double cancer (n = 1), duplicate registration (n = 1), less than 70 years of age (n = 1), and lost to follow-up (n = 1). Finally, 444 patients were included in the analysis (Fig. 1 ).
S-1 or SP was administered to 210 (47.3%) and 234 (52.7%) patients, respectively ( Table 1 ). The median age of S-1 group and SP group were 77 and 73 years, respectively. The number of patients aged 70-74 years was 56 (26.7%) in the S-1 group, and 163 (69.7%) in the SP group (p < 0.001). The S-1 group included more patients with unfavorable PS (p < 0.001), comorbidities (p < 0.001), medications for comorbidities (p < 0.05), low renal function (p < 0.01), and prior gastrectomy (p < 0.01) than the SP group. Additionally, peritoneal metastasis was more frequently observed in the SP group than in the S-1 group (p < 0.01). Patients in the S-1 group did not receive cisplatin for the following reasons: older age (54.3%), low creatinine clearance (11.4%), poor PS (7.6%), comorbidities (7.1%), and other reasons Table 2 ). Comorbidities were reported in 303 patients (68.2%) (Appendix Table 3 ). More patients in the SP group had hypertension (p < 0.01) than in the S-1 group. These data clearly show that there were substantial differences in the patients' backgrounds between the two groups. The median OS was 11.5 months in the S-1 group and 16.2 months in the SP group in the original entire cohort (p = 0.01). Propensity scores were calculated using the five baseline variables; age (74 years or younger vs. 75 years or older), PS (0 vs. 1-2), comorbidities (±), prior gastrectomy (±), and peritoneal metastasis (±), which differed significantly between the two groups. One hundred and nine patients in each group were matched by propensity score (Fig. 1) . In the PSMC, there was no difference in patients' background between the two groups, apart from the sex ratio (p = 0.04) ( Table 1) .
Treatments in the PSMC
In the PSMC, the initial dose of S-1 was reduced in 47 patients (43.1%) in the S-1 group, whereas the initial dose of S-1 and cisplatin was reduced in 26 patients (23.9%) and 30 patients (27.5%) in the SP group, respectively (Appendix Table 4 ). The reasons for initial dose reduction of S-1 in the S-1 group were low creatinine clearance (46.8%), older age (34.0%), poor PS (6.4%), comorbidities (2.1%), and other reasons (4.3%), whereas patients in the SP group required initial dose reduction for low creatinine clearance (53.8%), older age (19.2%), poor PS (7.7%), and other reasons (11.5%). Dose reduction of S-1 was required in 26 patients (23.9%) in the S-1 group and 50 patients (45.9%) in the SP group during the entire treatment period (p < 0.001), whereas 31 patients (28.4%) in the SP group required dose reduction of cisplatin. Treatment was terminated in almost all patients (95.9%).
The median TTF was 5.1 months in the S-1 group and 5.8 months in the SP group (HR 0.80, 95% CI 0.60-1.06, p = 0.12). The median time from the starting date of chemotherapy to the last dosage of cisplatin in the SP group was 3.7 months (95% CI 2.5-4.8). The reasons for treatment discontinuation in the S-1 and SP groups were disease progression (70.6 and 73.4%), AEs (11.9 and 11.0%), patient refusal (4.6 and 1.8%), worsening of comorbidity (0.9 and 0.9%), physician's decision (2.8 and 5.5%), death during treatment (0.9 and 3.7%), and other reasons (0.9 and 2.8%), respectively (Appendix Table 5 ). Subsequent chemotherapies were administered to 46 patients of the S-1 group (42.2%) and 72 patients of the SP group (66.1%) (p < 0.01) (Appendix Table 6 ).
Efficacy in the PSMC
The median follow-up time was 26.2 months (95% CI 25.5-27.0) in the S-1 group and 31.3 months (95% CI 26.5-36.2) in the SP group. In the S-1 and SP groups, the overall response rates were 27.5 and 41.4% (p = 0.06), and the disease control rates were 71.3 and 85.1% (p = 0.03), respectively (Appendix Table 7 ). The median PFS was 6.3 months in the S-1 group and 7.9 months in the SP group (HR 1.09, 95% CI 0.79-1.49, p = 0.61) (Fig. 2a) . In the S-1 and SP groups, the PFS rate at 6 months was 53.1 and 59.7%, and that at 12 months was 32.2 and 31.1%, respectively. The median OS was 13.9 months in the S-1 group and 17.1 months in the SP group (HR 0.93, 95% CI 0.68-1.27, p = 0.63) (Fig. 2b ). Survival at 6 months was 82.5 and 
Safety in the PSMC
Any grade 3 or 4 AE was observed in 27.5% of the S-1 group patients and 49.5% of the SP group patients (p < 0.001) ( Table 2 ). In the S-1 and SP groups, grade 3 or 4 leukopenia was observed in 1.8 and 11.0% (p = 0.01), neutropenia in 6.4 and 20.2% (p < 0.01), and anemia in 8.3 and 19.3% (p = 0.02) of patients, respectively. In terms of non-hematological toxicity, grade 3 or 4 anorexia was more frequently observed in the SP group (19.3%) than in the S-1 group (10.1%). Even though there were no treatment-related deaths in either treatment arms, hospitalization due to severe AEs occurred in 6.4% of patients in the S-1 group vs. 29.4% of patients in the SP group (p < 0.001). These observations strongly suggested that patients in the SP group experienced more severe AEs than those in the S-1 group.
Multivariate analyses in the PSMC
In the multivariate Cox proportional hazards regression analysis (Table 3) , patients with a PS score 0 (vs. 
Discussion
In the present study, we collected clinical data from a large cohort of elderly AGC patients including both tolerable and intolerable for doublet chemotherapy. It was clear that the patients treated with S-1 alone were more fragile than those treated with SP in the originally collected patient cohort. Under such conditions, it could be easily expected that the patients of the SP group would show significantly longer OS than the patients of the S-1 group (p = 0.01) in the original entire cohort. Adopting the propensity score matching method to maximize the comparability, we compared the efficacy and safety between the S-1 monotherapy and SP groups in the patients who were considered to be tolerable to either regimen. As a result, there were no differences in TTF, PFS, and OS between the groups. It has been reported that a doublet chemotherapy of docetaxel plus cisplatin has failed to demonstrate survival advantages over docetaxel monotherapy in a phase III study (JCOG0803/WJOG4307L) for stage III, IV or recurrent non-small cell lung cancer patients aged 70 years or older [10] . Similarly, our results suggested that additional cisplatin might not be beneficial for survival of elderly patients with AGC. In this study, SP showed a trend of higher response and disease control rates than S-1 alone, whereas there were no significant differences in TTF, PFS, and OS between the two groups. This indicates that cisplatin works favorably for transient tumor shrinkage and stability, but may not contribute to prolongation of survival in elderly AGC. The duration of administration of cisplatin in the present study (3.7 months) was relatively shorter than that in the SPIRITS trial, in which the median number of cycles of SP was four cycles (corresponding to about 4.6 months) [6] . In addition, the initial dose of cisplatin was reduced in 30 patients (27.5%) of the SP group. Although the precise relative dose intensity of each drug could not be obtained due to lack of precise information about drug delivery in both treatment groups of this study, short duration and/or decreased dose of cisplatin might result in no survival benefit over S-1 in our elderly patients with relatively good medical condition. The reasons for the treatment discontinuation were similar between the two groups, yet patients in the SP group were more likely to receive subsequent chemotherapy than those in the S-1 group. This may be associated with the higher response rate of the SP. It has been reported that the prognostic factors before the initiation of chemotherapy, such as PS, number of metastatic sites, and presence of peritoneal metastasis, affect survival after failure of the first-line chemotherapy [11] . These factors before the first-line chemotherapy were adjusted in the PSMC, but some unknown differences might remain in patients' physical condition. It was also unclear how the patients' socio-psychological condition after experiencing efficacy and toxicities in the first-line treatment influenced on the acceptance and willingness for subsequent therapy between the groups.
In the multivariate analysis of the PSMC, good PS, and normal serum ranges of CRP were shown to have strong correlations with the OS. Considering that PS has been generally recognized as the most important prognostic factor for OS in previous reports for patients with AGC [12, 13] , CRP seems to be a specific prognostic factor in elderly patients with AGC because CRP is used in many other geriatric scores [14, 15] . These factors were well balanced in our PSMC.
The incidence of severe AEs generally increased in the elderly patients because of lower organ function. It has been reported that severe AEs occur more within the SP group than within the S-1 group in previous retrospective studies [7, 8] . Furthermore, in this PSMC study, severe bone marrow suppression was more frequently observed in the SP group than in the S-1 group, and hospitalization due to AEs was astonishingly observed 5 times more. Although initial dose reduction rate of S-1 in the S-1 group was higher than in the SP group, it might be suggested that S-1 treatment is safer and more tolerable than the SP treatment in this PSMC. Based on these results, there could be no impact of adding cisplatin over S-1 from the aspect of both efficacy and safety for elderly patients with AGC. There were two major limitations of the present study. The study cohort included a variety of patients with different clinical characteristics because of its retrospective nature, and could not exclude a selection bias of treating physicians in clinical decision, whether or which systemic chemotherapy could be administered to the elderly patients with AGC. The reasons for not using cisplatin with S-1 depended on the patients' background, such as age, PS, comorbidity, and renal function. Another limitation is the lack of information related to validate geriatric scores. Whether fit or unfit for intensive chemotherapy, patients cannot be evaluated only on the basis of chronological age. The geriatric assessment is needed because of the extreme diversity of the elderly population. The tolerability of chemotherapy for elderly patients is associated with renal function, medication, comorbidity, and family support [16] [17] [18] . These factors, in particular, hamper the development of a standard treatment for elderly patients.
Various therapeutic strategies for elderly patients with advanced malignant tumors have been attempted. However, they have not yet been established in many cancers, including AGC. Although doublet chemotherapy is regarded as standard of care worldwide, based on the results of the present study, we are now conducting a prospective comparative study for elderly patients with AGC (the WJOG8315G study) to clarify the role of geriatric assessment in optimizing treatment and identify a population more benefited from the study treatment.
In conclusion, our study using the propensity score matching method suggested that SP might have no survival benefits and cause more toxicities when compared with S-1 monotherapy for elderly patients with AGC. However, further investigation in this field is warranted.
